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Abstract
Forward transport of proteins from the endoplasmic reticulum (ER) to the Golgi complex depends on COPII, a membrane
coat that forms ER-derived vesicles. Based on experimental observations, a series of integrated events must be accomplished
during the formation of COPII coated vesicles. First, the subunits of the COPII coat must be recruited to the correct site on
the surface of the ER. Second, soluble and integral membrane cargo proteins destined for the Golgi complex are
concentrated into nascent buds. Third, a set of molecules that must cycle between the ER and Golgi compartments (such as
SNARE proteins) are incorporated into vesicles. And fourth, the COPII coat is disassembled after release of ER-derived
vesicles thus allowing vesicle fusion and recycling of COPII components. Incorporation of soluble cargo infers the existence
of membrane spanning receptor molecules that link lumenal cargo to the vesicle coat. Some candidate proteins have been
identified (including the p24 family) that appear to participate in the selection of soluble cargo; however, the mechanistic
details of this selection procedure remain obscure. This review will focus on the molecular constituents of the COPII coat and
emerging interactions of the coat subunits with proteins involved in selective export from the ER. ß 1998 Elsevier Science
B.V. All rights reserved.
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1. Introduction
One of the basic questions in current cell biology is
to understand how cells are organized in molecular
detail. A central part of this organization involves
the organelles that comprise the eukaryotic secretory
pathway. Proteins that are transported to several in-
tracellular organelles or the plasma membrane are
¢rst synthesized and processed in the endoplasmic
reticulum (ER). Fully processed proteins are then
packaged into transport vesicles that bud from the
ER and fuse selectively with the Golgi complex. It is
known that transported proteins move forward
through this pathway, whereas proteins that function
in ER speci¢c processes are retained and/or retrieved
to maintain organelle identity. An early model for
how this organization was maintained postulated
that secretory proteins moved forward in a bulk
manner, while resident proteins were retained or re-
trieved [1,2]. Thus, the absence of retention or re-
trieval signals on secreted proteins allows forward
progress through the secretory pathway. More recent
experiments using quantitative immunocytochemistry
[3,4] and in vitro budding reactions from the ER [5^
7] suggest there are mechanisms that concentrate se-
cretory proteins into ER-derived vesicles. The pro-
duction of transport intermediates from the ER is
driven by a set of soluble proteins that collectively
form a coat structure, termed COPII [8]. The obser-
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vation of coat structure and concentrated cargo
draws obvious parallels to clathrin mediated vesicle
formation [9] and has recently guided (and perhaps
biased) the experimental approach. For such a mech-
anism to operate at the ER assumes there are signals
on cargo molecules that promote incorporation into
transport vesicles to move them forward to the next
station. For soluble cargo molecules, the underlying
supposition is that transmembrane receptors couple
cargo to coat molecules. Only recently have sequence
motifs been identi¢ed that facilitate capture of inte-
gral membrane proteins into COPII coated vesicles
[10,11] and direct evidence has been provided that
links soluble cargo to COPII coat constituents [7].
Although the data supporting selective export from
the ER continue to solidify, this does not infringe on
the retention and retrieval mechanisms that operate
to localize resident ER proteins [12,13]. Rather, these
mechanisms likely operate in concert with the selec-
tive export process to achieve an essential level of
cellular organization. This review will focus on the
molecular detail of COPII coated vesicle formation
and recent advances in linking coat proteins to selec-
tive export from the ER.
2. Discovery of COPII
The identi¢cation and characterization of COPII
as a distinct coat structure was made possible
through combined genetic and biochemical ap-
proaches initiated in the late 1970s with the isolation
of conditional sec mutant stains in the yeast Saccha-
romyces cerevisiae [14,15]. The initial set of mutants
blocked transport at a variety of steps along the se-
cretory pathway. Among the SEC genes discovered
in the original screen, a subset were found to partic-
ipate in ER to Golgi transport. Further examination
of the ER to Golgi sec mutants by genetic and mor-
phological criteria revealed two distinct classes [16].
Class I mutants (sec12, sec13, sec16, sec23) accumu-
lated exclusively ER tubules at a restrictive temper-
ature whereas the class II mutants (sec17, sec18,
sec22) accumulated small vesicles throughout the cy-
toplasm in addition to ER tubules. Further, genetic
epistasis tests combining class I and class II mutants
demonstrated that double mutants display the class I
phenotype. Based on these observations it was con-
cluded that class I mutants participate in vesicle for-
mation and class II mutants function in vesicle con-
sumption. Concurrent to these phenotypic analyses,
a cell free transport assay in yeast was devised in
1988 [17] based on the well characterized processing
and transport of K-factor, a secreted pheromone. In
the initial assay, semi-intact cells were incubated with
in vitro synthesized 35S-labeled K-factor precursor.
After post-translational translocation into the lumen
of the ER, core-oligosaccharide residues are attached
to yield [35S]glyco-pro-K-factor (gpKF). In the ab-
sence of cytosol or at reduced temperatures, the
bulk of [35S]gpKF remains in the ER compartment
and sediments with semi-intact cells. Upon the addi-
tion of cytosol and incubation at a physiological
temperature, [35S]gpKF is ¢rst detected in freely dif-
fusible vesicle intermediates that have budded from
the ER and at later times are targeted to and fuse
with the Golgi complex. After delivery to the Golgi
complex, [35S]gpKF acquires outer-chain K-1,6-linked
mannose residues that may be quanti¢ed by immu-
noprecipitation with antibodies speci¢c for the K-1,6-
mannose carbohydrate [17^19]. At this point, it is
important to note that the collection of sec mutant
strains proved to be instrumental in establishing as-
says that faithfully reproduce subreactions in ER to
Golgi transport including vesicle budding, targeting
and membrane fusion. Several of the mutants exhib-
ited thermosensitivity when analyzed in cell free as-
says thereby indicating the in vitro assay was an
accurate re£ection of the in vivo transport process.
Further, assays for these subreactions could now be
employed to purify and characterize individual Sec
proteins that mediate distinct steps in ER to Golgi
transport [5,20,21]. In 1994, the ¢rst step in the trans-
port reaction, vesicle budding, was reconstituted in
vitro with washed membranes and three puri¢ed
soluble proteins: Sar1p, Sec13p complex and
Sec23p complex [5]. In the presence of GTP, these
proteins satisfy the requirement for cytosol in the
production of ER-derived vesicles. Isolation and
characterization of ER-derived vesicles synthesized
in this in vitro reaction demonstrated authenticity
based on the following criteria: ¢rst, isolated vesicles
are competent for fusion with the Golgi complex;
second, their protein composition is distinct from
the donor membrane fraction in that they are highly
enriched for cargo protein over resident ER protein.
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Inspection of isolated ER-derived vesicles by thin-
section electron microscopy revealed a homogeneous
collection of approx. 60 nm vesicles with a 10 nm
thick electron dense coat (Fig. 1). Further, the com-
ponents of this coat were primarily the proteins that
drive budding: Sar1p, Sec13p complex and Sec23p
complex [8].
3. Molecular description of COPII
The distinguishing features of Sec proteins re-
quired for reconstitution of vesicle budding from
the ER are summarized in Table 1. Sar1p is a 21
kDa GTPase that shares primary amino acid se-
quence identity with the ARF family of GTPases
[22]. The exchange of nucleotide bound to Sar1p is
catalyzed by Sec12p, an integral membrane glycopro-
tein possessing a 40 kDa domain that is on the cy-
tosolic face of the ER [23]. The 400 kDa Sec23p
complex is composed of two polypeptides: Sec23p,
an 85 kDa protein that accelerates the Sar1p GTPase
and a tightly associated 105 kDa protein called
Sec24p. The in£uence of Sec23p on the Sar1p
GTPase appears to be equivalent when in a puri¢ed
monomeric form or complexed with Sec24p [24]. The
Sec13p complex migrates as a 700 kDa protein and is
composed of two polypeptide species: the 34 kDa
Sec13p subunit and the 150 kDa Sec31p subunit
[5,25,26]. Both Sec13p and Sec31p contain repeats
of a sequence referred to as the WD-40 motif (a
conserved approx. 40 amino acid unit terminating
in the residues Trp Asp). A number of proteins pos-
sess this sequence motif that forms a propeller-like
structure and is generally thought to mediate pro-
tein-protein interactions [27]. Therefore, with the ex-
ception of the GTPase Sar1p, the proteins that com-
prise the COPII coat do not share overall sequence
homology with previously described coat proteins
involved in membrane budding from the Golgi com-
plex or the plasma membrane [28].
A temporal order for the assembly of COPII-
coated vesicles has been proposed as follows. First,
Sar1p is recruited to an active zone of the ER mem-
brane through a guanine nucleotide exchange reac-
tion catalyzed by Sec12p. Next, membrane bound
and activated Sar1p recruits the Sec23p complex.
And ¢nally, the Sec13p complex binds to the mem-
brane and forms vesicles. The hydrolysis of bound
GTP by Sar1p is not a prerequisite for vesicle bud-
Fig. 1. Thin section electron microscopy of puri¢ed COPII coated vesicles derived from the endoplasmic reticulum [8]. Vesicles synthe-
sized in the presence of GTP (A) or a non-hydrolyzable analog of GTP (B). The COPII structure is stabilized in B whereas uncoated
(arrow) or partially coated vesicles (arrowhead) are observed in A. Magni¢cation: 103 770U.
Table 1
Protein Subunits Size (kDa) Notable features Homologues
Sar1p Sar1p 21 Small GTPase Yes [34,36]
Sec13 complex(700 kDa) Sec13p 34 Repeated WD-40 motif Yes [37]
Sec31p 150 Repeated WD-40 motif None reported
Sec23 complex(400 kDa) Sec23p 85 Sar1p speci¢c GAP Yes [35]
Sec24p 105 None reported
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ding in vitro because non-hydrolyzable analogs, such
as GMPPNP, substitute for GTP in this reaction.
Although budding proceeds in the absence of nucleo-
tide hydrolysis, the vesicles produced under this con-
dition retain their protein coat and fail to fuse with
the Golgi complex [8]. It has been proposed that
Sec23p stimulation of the Sar1p GTPase destabilizes
the coat structure and is regulated or timed such that
the coat is shed after vesicles have been released from
the ER. The disassembly of the coat probably ex-
poses docking and/or fusion factors on the transport
vesicle required for fusion with the Golgi.
Genetic approaches have implicated two other
genes (SEC16 and SED4) in vesicle budding in vivo
[29^31]. SEC16 encodes a 240 kDa protein that is
peripherally associated with ER membranes and
also detected on ER-derived vesicles. For the recon-
stituted budding reaction, exogenously added Sec16p
is not required for vesicle formation suggesting am-
ple levels are provided by the donor membrane frac-
tion. Sec16p directly contacts Sec23p and Sec24p [32]
and may provide a sca¡old for assembly of the
COPII coat. Sec16p may also function in some as-
pect of cargo selection since temperature sensitive
sec16 strains display a selective budding defect in
vitro such that speci¢c cargo (gpKF) and vesicle
SNARE proteins are di¡erentially packaged when
compared to a wild-type strain [11]. Sed4p is highly
related to Sec12p (45% amino acid identity when
cytosolic domains are compared) but is not an essen-
tial gene under standard growth conditions.
Although the cytosolic domains of Sec12p and
Sed4p are highly related, an e¡ect on the nucleotide
exchange rate of Sar1p by Sed4p has not been de-
tected as was observed for Sec12p [23,30]. Another
distinguishing feature of Sed4p is a direct binding
interaction with Sec16p, a property not exhibited
by Sec12p. Based on these biochemical interactions
in addition to their genetic relationships, it is thought
that Sec16p, Sed4p and Sar1p function as a multi-
subunit complex involved in an aspect of vesicle bud-
ding [30].
4. Generality of COPII budding
Mammalian homologues for several of the Sec
proteins that comprise COPII have been identi¢ed
and appear to function similarly in production of
ER-derived transport vesicles. The ¢rst experiments
to suggest a conserved role for these proteins relied
on a cross-reactive antiserum raised against the yeast
Sec23p subunit. Immunocytochemical methods em-
ploying the cross-reactive antiserum showed mam-
malian Sec23p localized to transitional zones in pan-
creatic acinar cells [33]. Subsequent molecular
approaches [34] have identi¢ed additional homo-
logues from a variety of species (see Table 1 for
references). In the case of Sec23p, two human iso-
forms have been identi¢ed (hSec23A and hSec23B)
that are highly related yet only the hSec23A protein
was shown to functionally complement a sec23 yeast
mutant [35]. Additionally, two Sar1p isoforms (Sar1a
and Sar1b) and a Sec13p homologue (Sec13R) have
been characterized from mammalian cells [36,37]. A
functional analysis of Sar1a activity using permeabi-
lized NRK cells demonstrated this protein is in-
volved in export from the ER. Interestingly, Sar1a
does not appear to participate directly in intra-Golgi
transport steps and a role for Sar1b in tra⁄cking has
not been explored. Immuno£uorescence staining with
antibodies speci¢c for hSec23, Sar1a and Sec13R re-
veal a punctate pattern that is concentrated in juxta-
nuclear regions. At a higher resolution, electron mi-
croscopic immunocytochemistry shows these three
proteins are localized to ER transitional zones
and are distributed between tubular protuberan-
ces, vesicles and the cytoplasm [35^37]. More re-
cently, a series of experiments conducted in living
Vero cells document the transport of a £uorescently
labeled cargo molecule (VSV-G) and co-localization
with Sec13p during the early phases of ER to Golgi
transport [38]. Further, the COPI coat identi¢ed
through analysis of intra Golgi transport [39] loca-
lizes with VSV-G after COPII suggesting a sequen-
tial mode of COPII and COPI action for transport
of VSV-G. The role of COPI in ER to Golgi trans-
port is more fully discussed in the chapter by Lowe
and Kreis in this issue. In summary, the primary
budding apparatus responsible for production
of transport vesicles from the ER employs COPII
and the underlying mechanism for vesicle forma-
tion appears to be conserved from yeast to mam-
mals.
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5. Sorting during vesicle formation
Several lines of experimental evidence support a
model for selective incorporation of vesicle proteins
into COPII coated vesicles. Three general classes of
proteins here designated cargo, cargo receptors, and
secretory machinery will be considered and are de-
¢ned as follows. The ¢rst class, cargo molecules, in-
cludes soluble species and integral membrane pro-
teins. Soluble species that have been studied include
K-factor and invertase in yeast as well as albumin in
mammalian cells. Examples of integral membrane
cargo proteins are the general amino acid permease
(Gap1p) in yeast and the mammalian viral glycopro-
tein, VSV-G. By analogy to a ships cargo, cargo
molecules are loaded into vesicles for delivery to a
speci¢c port, in this case the Golgi. Upon delivery to
the port, the cargo is unloaded for further distribu-
tion. The second class of vesicle proteins are cargo
receptors that are hypothesized to provide links be-
tween soluble cargo and the COPII coat. Unlike car-
go, the cargo receptors are components of the vessel,
and return to their site of origin for multiple rounds
of transport. A third class of vesicle proteins are
referred to as secretory machinery. These proteins
function in aspects of membrane budding or fusion
and include the integral membrane SNARE proteins
that are required for vesicle fusion to the Golgi. The
secretory machinery, as with cargo receptors, are
components of the vessel and must cycle between
the ER and Golgi compartments. These distinctions
are made because proteins from each class should
possess speci¢c features consistent with one way
transport from the ER to Golgi or a transport cycle
between these compartments. For example, cargo re-
ceptors and secretory machinery must contain infor-
mation that allows for selection into COPII (antero-
grade) and COPI (retrograde) vesicles to cycle
them between the ER and Golgi. For one way
transport, soluble cargo are likely to interact with
cargo receptors whereas integral membrane cargo
may bind directly to COPII subunits or rely on adap-
tor like proteins for selection into vesicles. In
either case, cargo molecules are speculated to con-
tain speci¢c information for capture into COPII
vesicles during export from the ER. The evidence
supporting selective incorporation of each of these
classes of transport proteins and current limits
in our understanding of this process are now dis-
cussed.
The application of morphometric approaches on
the transport of Semliki Forest virus proteins [40]
in addition to immunoelectron microscopy of serum
albumin [4] and VSV-G [3] indicates cargo is concen-
trated in ER to Golgi transport. The VSV-G protein
is ¢rst collected at ER exit sites and concentrated 5^
10-fold into vesicle intermediates [3,38]. The selection
mechanism for VSV-G and other integral membrane
cargo species relies on a di-acidic signal (Asp-X-Glu,
where X represents any amino acid) that is displayed
on their cytoplasmic tails [10]. This motif may bind
to COPII subunits; however, a direct interaction has
not been reported and an adaptor protein that links
VSV-G to the COPII budding apparatus may be
required. Regardless, the concentration of cargo spe-
cies during COPII budding and the existence of a
sorting sequence provides strong evidence for a se-
lective export mechanism.
A biochemical analysis of this process in yeast in-
dicates that soluble cargo species, (gpKF) and inte-
gral membrane species (Gap1p) are selectively incor-
porated into COPII coated vesicles when compared
to resident ER proteins such as Sec12p or the ER
lumenal chaperone Kar2p/Bip [5,6,8,41,42].
Although Sec12p must be near the active budding
zone, this protein is largely localized to the ER
though mechanisms of static retention and active re-
trieval [13]. Kar2p/Bip resides in the ER and
although this species is not e⁄ciently packaged into
ER derived vesicles a low level escapes in vesicles and
is returned through the action of a Golgi localized
Erd2p retrieval system [12]. Based on these observa-
tions, the selective export of gpKF could be accom-
plished by retention/retrieval of ER residents and
bulk-£ow of secretory protein. To unequivocally
demonstrate an active sorting process for export of
gpKF from the ER, it would seem the concentration
of this cargo molecule per membrane volume in the
ER compared to vesicles needs to be determined. For
several reasons, this has been di⁄cult to accomplish.
One impediment has been that it is not clear what
type of ER preparation would best serve as the start-
ing material. Should it be a microsomal preparation
containing smooth and rough ER, nuclear mem-
branes or a smooth ER preparation that may be
more representative of transitional zones? In spite
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of these technical di⁄culties, two experimental obser-
vations lend credence to the selective export model
for gpKF. First, it has been shown that both COPI
and COPII form coated vesicles from the outer mem-
brane of isolated yeast nuclei [6]. However, gpKF
was contained only in COPII coated vesicles. This
result indicates COPII actively recruits this cargo
molecule in contrast to vesicles formed with COPI
that seem to include species that cycle between the
ER and Golgi but not the cargo molecule gpKF.
More recently, a cross-linking approach has shown
that gpKF is speci¢cally associated with a subset of
COPII components (Sec23p complex and Sar1p) in
ER-derived vesicles as well as in prebudding com-
plexes that assemble at the surface of the ER. Resi-
dent ER proteins are not found in prebudding com-
plexes. In addition to COPII subunits, the cross-
linked complex contains two transmembrane pro-
teins of 19 and 27 kDa associated with labeled
gpKF. It is proposed that these cross-linked species
represent membrane-bound receptors for the soluble
gpKF cargo molecule [7]. These experiments demon-
strate a direct link between soluble cargo and the
COPII coat and provide crucial evidence in support
of the selective export model.
A hypothesis of active transport of soluble cargo
molecules from the ER is based on the assumption
that cargo are linked to coat subunits through a
transmembrane receptor molecule. The current evi-
dence is consistent with this hypothesis, although the
identi¢cation of speci¢c receptor molecules, a central
feature of the hypothesis, remains in progress. The
expected properties of a cargo receptor include a
transmembrane spanning segment, a domain that is
lumenally exposed to interact with cargo species, and
a cytoplasmically exposed domain to interact with
coat subunits. Further, these species would be ex-
pected to accompany cargo en route to the Golgi
complex. A group of related proteins, referred to as
the p24 family [43], have been characterized that ful-
¢ll these basic criteria. Several p24 proteins have now
been identi¢ed in many cell types and some are
present on Golgi derived COPI coated vesicles [44^
48]. In yeast, there are at least eight p24 family mem-
bers found in the genome database, two of which
(Emp24p and Erv25p) are found in a complex on
ER-derived COPII coated vesicles. Strains that lack
either Emp24p or Erv25p are viable but deliver a
subset of secretory proteins (including periplasmic
invertase) to the Golgi complex with reduced kinetics
whereas most secretory proteins are transported at
wild-type rates [49,50]. These phenotypes are consis-
tent with what one might expect for deletion of spe-
ci¢c cargo receptors, that is, the bulk of membrane
tra⁄c would continue while cargo recognized by spe-
ci¢c receptors would accumulate in the ER. Deletion
of EMP24 or ERV25 also produces an erd phenotype
(lumenal ER proteins such as Kar2p/Bip are se-
creted) and suppresses mutations in COPII subunits.
These phenotypes might be explained through indi-
rect a¡ects of accumulating ER forms of cargo or
alternatively, the p24 family of proteins may not op-
erate as cargo receptors and instead function as neg-
ative regulators of COPII assembly [51].
An important feature of putative cargo receptors
would be an ability to cycle between the ER and
Golgi. The Emp24p/Erv25p complex possesses fea-
tures consistent with cyclic transport. The C-terminal
tail regions of p24 family members contain 10^20
amino acids residues that are cytoplasmically ex-
posed and several terminate in a di-lysine motif.
The di-lysine sequence motifs are know to bind sub-
units of the COPI coat [52] and further, several of
the cytoplasmic tails of p24 family members display
di¡erential a⁄nities for subunits of the COPI coat
[43]. Since COPI is known to mediate a retrograde
transport pathway, this may provide a means for
cargo receptor cycling between the ER and Golgi.
In the case of the Emp24p/Erv25p complex, Erv25p
possesses a di-lysine motif in its cytoplasmic tail
whereas Emp24p does not. Deletion of either subunit
results in a decreased level of incorporation into
COPII coated vesicles and interestingly deletion of
the Emp24p tail alone produces a similarly low level
of incorporation into these vesicles. Further, the
Emp24p tail sequence RRFFEVTSLV appears to
bind subunits of puri¢ed COPII in vitro (W. Belden
and C. Barlowe, manuscript in preparation). These
observations have been incorporated into a model
(Fig. 2) whereby the Emp24p/Erv25p complex cycles
between the ER and Golgi collecting speci¢c cargo
for anterograde transport in COPII coated vesicles
and is returned to the ER in COPI coated vesicles
[50]. Although this is an appealing model and con-
sistent with most of the current data, a key piece of
experimental evidence is lacking, namely, a direct
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association of the Emp24p/Erv25p complex with a
secretory protein such as periplasmic invertase. This
interaction may be di⁄cult to detect in vitro by di-
rect methods since the a⁄nity of ligand for receptor
may be quite low.
The ¢nal class of vesicle proteins considered are
the SNARE molecules that are part of the secretory
machinery and function in membrane fusion.
Vesicles synthesized with COPII or COPI proteins
from ER membranes are enriched in the v-SNARE
proteins Bet1p, Sec22p and Bos1p with respect to
resident ER proteins such as Kar2p/Bip and Sec12p
[6,8,41,53]. This result suggests that v-SNAREs are
recognized by both the anterograde (COPII) and ret-
rograde (COPI) coats consistent with a transport
cycle between the ER and Golgi for secretory ma-
chinery. A quantitative assessment of v-SNARE con-
centration in vesicles compared to the ER has not
been reported. Two experimental results indicate this
class of proteins are selected for export from the ER
by COPII. First, domain swapping experiments with
Sec12p (an ER resident) and Sec22p (v-SNARE)
show that the cytoplasmic sequences of Sec22p are
necessary and su⁄cient for capture into COPII
coated vesicles [11]. Second, the cross-linking ap-
proach used to isolate the soluble gpKF cargo with
COPII also documents a speci¢c complex of Sec22p
with COPII. This complex is detected on isolated
COPII vesicles or on stalled budding complexes ac-
cumulated at the surface of the ER. Again, this result
suggest COPII binds SNARE proteins for inclusion
into vesicles, however a direct interaction has not
been documented and thus some type of adaptor
molecule could potentiate this interaction.
In monitoring the release of vesicle proteins (car-
go, cargo receptors and secretory machinery) from
the ER under conditions of reconstituted COPII
budding, the percentage of individual species pack-
aged into vesicles ranges from 10% to 40%
[11,41,42,49,50,54,55]. Further, if cargo proteins are
depleted from the ER by cycloheximide pre-treat-
ment, in vitro budding continues upon addition of
COPII proteins. These results suggest cargo is not
required to trigger vesicle budding and that the pack-
aging of cargo and secretory machinery is uncoupled
[53]. The di¡erences in incorporation of distinct
vesicle proteins could re£ect di¡erential a⁄nities for
COPII subunits. It is also possible that the availabil-
ity of individual vesicle proteins at active budding
zones of the ER are regulated by an unidenti¢ed
mechanism analogous to the quality control system
that operates at this compartment [56]. Finally, it
Fig. 2. Model for transport of a putative cargo receptor (Emp24p/Erv25p) between the endoplasmic reticulum and Golgi. COPII in-
corporates the Emp24p/Erv25p complex bound to cargo into ER-derived anterograde vesicles. After delivery of cargo to the Golgi,
the receptor is returned to the ER through selective packaging into COPI coated retrograde transport vesicles. The darkened amino
acid residues indicate the functional sorting signal for budding from each compartment.
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should be pointed out that the reconstituted in vitro
system may represent the minimal set of factors to
drive budding, but speci¢c adaptor proteins required
for e⁄cient incorporation of individual vesicle pro-
teins are not optimized under these conditions.
6. A current model for COPII budding
Recent progress in characterization of COPII
coated budding from the ER indicates a selective
process of cargo capture into vesicles. A speculative
model that is consistent with the current literature is
provided in Fig. 3. Subunits of the COPII complex
are proposed to directly interact with membrane
bound cargo molecules and other components of
ER-derived vesicle. Soluble cargo species are pro-
posed to bind receptors that link them to the coat
structure although this interaction must be readily
reversible upon delivery to the Golgi. As Sec12p ac-
tivates Sar1p at a transitional zone of the ER, ter-
nary complexes of cargo with Sar1p and Sec23p
complex form on the ER surface. Because the
Sec13p complex is bound to ER membranes only
after Sar1p and Sec23p complex, it is speculated
that this protein clusters the pre-formed ternary com-
plexes into coated vesicles perhaps analogous to the
role ful¢lled by clathrin triskelons [57]. After a crit-
ical concentration of cargo species are assembled,
vesicles bud o¡. The coat structure is likely shed
soon after vesicle release and is preceded by Sar1p
hydrolysis of GTP. Because COPII coated vesicles
appear to have a uniform diameter in vitro [8] and
in vivo [16], the subunits of the coat likely specify the
observed geometry. Further, this speci¢c geometry
may position the GAP activity associated with the
Sec23p subunit such that the Sar1p GTPase is acti-
vated leading to subsequent uncoating. This specula-
tive model provides a framework for the cargo selec-
tion procedure during budding from the ER but
awaits further experimental documentation.
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